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https://www.ascg.msm.cam.ac.uk/lectures/introduction.html
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Outline

Part 1

ÁDiscovery ofsuperconductivity
ÁBasic phenomenology of superconductors and characteristic lengths
ÁMicroscopictheoryof superconductivity

Part2

ÁType I and Type II  superconductors
ÁPhenomenology of type-II superconductors: flux lines,pinning,flux flow, critical state
ÁPracticalscalingfor technological superconductors
ÁSummaryon applications
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Helium liquefaction opened up a new era in 
condensed matter physics

Helium liquefier built in Leiden in 1908 
produced ~0.28 liters/hour

Å Faraday(~1820Ωǎ) demonstratesan ability to liquify gasesby first
coolingwith a bath of ether and dry ice, followed by pressurization.
He was unable to liquify oxygen, hydrogen, nitrogen, carbon
monoxide, methane, andnitric oxide

Å Thenoblegases,helium,argon,neon,kryptonandxenonhadnot yet
beendiscovered(manyof thesearecriticalcryogenicfluidstoday)

Å In 1848LordKelvindeterminedthe existenceof absolutezero:
0 K= -273C(=- 459F)

Å In 1877LouisCaillettet(France)andRaoul-PierrePictet (Switzerland)
succeedin liquifyingair

Å In 1883VonWroblewski(Cracow)succeedsin liquifyingoxygen

Å In 1898JamesDewarsucceededin liquifying hydrogen (~20 K!); he
then went on to freezehydrogen(14K).

Å Heliumremainedelusive; it was first discoveredin the spectrumof
the sun. In 1908H. KamerlinghOnnessucceededin liquifyingHelium
(4.2 K)

(summary by S. Presetmon)
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Resistivity of metals

Resistivityin a conductor stems from the scattering of
electronsoff thermallyactivatedions

Resistance,therefore, goesdown as the temperature decreases
(from the high-temperature regime in which ˊᶿT to a low-
temperatureregimein whichˊθ T5)

Thedecreasein resistancein normal metalsreachesa minimum
due to the presenceof irregularitiesand impuritiesin the lattice,
hence the concept of RRR(ResidualResistivityRatio). RRRis a
rough measure of electron scatterers (dislocations and
impurities)in a metal.

(Bloch ςGruneisen, 1930)

Copper resistivity

?

In 1911 several theories (by Debye, Einstein,
Matthieson, etc.) co-existed describing the
resistivity behavior of metal close to absolute
zero. The successful liquefaction of Helium
allowedverifyingthosetheoriesfor the first time.
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H. K. Onnes, Commun. Phys. Lab. 12, 120, (1911)

Discovery of superconductivity

https://physicstoday.scitation.org/doi/10.1063/1.3490499

https://doi.org/10.1016/j.physc.2012.02.046

A zero resistance state!

The resistivity of a superconductor is truly ZERO, accurate 
to 10-26Wm. (Purest copper at 4.2 K is ~10-11Wm )

Dirk van Delft,Peter Kes(2010)

https://physicstoday.scitation.org/doi/10.1063/1.3490499
https://doi.org/10.1016/j.physc.2012.02.046
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Superconductor in a magnetic field

Leiden,  1912
Lead wire wound coil

ά¦ǎƛƴƎsectionsof wire solderedtogether to form a total lengthof 1.75 meters,a
coil consistingof some300windings,eachwith a cross-sectionof 1/70 mm2, and
insulatedfrom oneanotherwith silk,waswoundarounda glasscore. Whereasin
a straighttin wire the thresholdcurrentwas8 A, in the caseof the coil, it wasjust
1 A. Unfortunately,the disastrouseffect of a magneticfield on superconductivity
wasrapidlyrevealed. Superconductivitydisappearedwhenfield reached60mT.έ

H. Kamerlingh Onnes, KNAW Proceedings 16 II, (1914), 987. Comm. 139f.

H. Kamerlingh Onnes, ά¢ƘŜsudden
disappearanceof the ordinaryresistanceof tin,
and the supraconductive state of ƭŜŀŘέΣ
Commun. 133d (1913)

Hc(T) = Hc(0)[1 ς(T/Tc)
2]
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Magnetic field destroys superconductivity!

- empirical dependence

'Χ100,000Gausscouldthenbeobtainedby a coil of say30 centimetersin diameterand the coolingwith heliumwouldrequirea plant whichcouldbe
realizedin Leidenwith a relativelymodestsupportΧ'
Third International Congress of Refrigeration, Chicago Sept 1913

.ǳǘΧ

A temperature-ŘŜǇŜƴŘŜƴǘ άŎǊƛǘƛŎŀƭ ŦƛŜƭŘέ Hc(T) 
exists:
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Maxwellôs equations

dB/dt induces voltage (and so in conductors that 
generates electric current)

Moving charges generate  
magnetic field

aŀƎƴŜǘƛŎ ŦƛŜƭŘ ƭƛƴŜǎ άŎǳǊƭέ ŀǊƻǳƴŘ ŎǳǊǊŜƴǘǎΣ magnetic monopoles do not exist

Theflux of the electric field out of an arbitrary closedsurfaceis
proportionalto the electricchargeenclosedby the surface
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Differential operators
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Superconductor vs ideal conductor: Meissner effect and 
intermediate state

Superconductor expels 
magnetic flux!

If field is applied to the ordinary
conductor, it would penetrate it
slowly, with a relaxation time t~
L/R (->Њfor an idealconductor,so
the field will neverpenetrate)

But if άƛŘŜŀƭŎƻƴŘǳŎǘƛǾƛǘȅέis
άǘǳǊƴŜŘƻƴέwhile the magnetic
field is already present, field lines
would just stayin the conductor.

dB/dt ! dB/dt =0 

Meshkovskii, Shalnikov(1947) 

Hm

H0

W. Meissner and R. Ochsenfeld (1933)

άLƴǘŜǊƳŜŘƛŀǘŜ ǎǘŀǘŜέ

Superconducting regions: H=0
Normal regions: H=Hc

Normal region size dn would adjust to provide a 
correct value of the field.

dn
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Magnetization of a superconductor

║ ‘ ╗ ╜

The magnetic induction ║and the magnetic field ╗ in the material are related with 
each other as: , where ╜ is the magnetic moment per unit volume 
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Ὄπ

H0

B=0
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Á Magnetic field outside of a superconductor is always 
tangential to its surface

ɇ

║= 0 ᵼ Componentof B normal to the surfacemust be
equal on both sidesof that surface. As inside
the superconductorB= 0, soin Bn=0

Á Superconductor in an external field always carries an 
electric current near its surface X
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Á Superconductor below Ὄὧis an ideal diamagnetic … ρ

SI unit of B is Tesla
SI unit of H is A/m
One often used T, mTto define H, as it is 
a more practical unit.
In thancaseάǘǊǳŜέ Ὄ ϳὄ‘

(magnetization). 
╜ …╗ȟὄ ‘╗ ‘ ρ …╗, …- magnetic susceptibility


